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Abstract 



A semiconductor integrated circuit in which the storage capacitor has an increased capacitance and a decreased 
leakage current. The storage capacitor is formed by the steps of: forming a polysilicon bottom electrode having 
semispherical silicon crystals formed thereon; performing plasma nitriding on the surface of said bottom electrode at a 
temperature lower than 550 C, thereby forming a film of silicon nitride having a film thickness smaller than 1 .5 nm; 
and depositing a film of amorphous tantalum pentoxide and then crystallizing said amorphous tantalum pentoxide. The 
silicon nitride film has improved resistance to oxidation and also has a reduced leakage current. As a result, the 
polysilicon bottom electrode becomes resistant to oxidation and the storage capacitor increases in capacitance and 
decreases in leakage current 
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£1 



-ME^Di SfOISCK 01 221, Q2§ ^dlg S1¥2^2| tf» 
SCHffSI- SAIOII, ¥ME^D[ ^H\BQ. 



cia§ aeis. ms\^o\ as-s. asis asist, &ssi 

E 18, S BtSSI 6IAI0H 100 2I5H sras 3II1HAIEI21, #2H3|^2i §§3H 



oi s& 3iiiHAia sagif 



i e s3=i ^Aimi i vii ^on =jse m uti ai o xt , sai^ist^ acrsts wiser ti utt ai di mi ai , 

asf?3i ifA/uis3i sii= a&2i 2^ii &s 6.^ sseoii 21 e esi, 

£ 3S. g KS2| ^AlOfl 1011 2|5H ^SS DRAM2I CHI££|*!¥2| EhS^S, 

£ 4fe, S Sg2| ^AIOII 1011 Sim DRAM 21 0HE£IS¥ HI2gJS§ UEILHfe BSE 

E 5fe. S WS°| ^AlOfl 1011 2| & 0RAM2I 0IIE£l*!¥ X||£gJSg UEILHfe 

E 6S, S ifS2| ^AlOjl 1011 2|& DRAM2I 0IIE£|{i¥ SI2&gJS UEILHfe &2E 

E 78, B ^§2| ftlAIOII 1011 Sim DRAM 2| 0I|2£I*!¥ XNSgfgJS UEILUfe BSE 

E 8S. S ^S2| aAlOJI 1011 2|gr DRAM2J 0ilE£|a|¥ «l£g*gl§ UEILHfe Er£E 

E 9= £ STS2I ^AIOII 1011 2| gi- DRAM 2| 0||S£l*!¥ aiSSSI UE1U& 99E, 



15-1 



g;H^ 51^2002-0032285 



SE 10g, B It 9 2| ^ A| Oil 1011 2| e DRAM 2) Otl££l{i¥ flS&BS UEHJIfe Ba£, 

£ 11^. B SfS2| ^ A| Oil 20)1 AH l£EDf §^SE2| g§§ UEfLHfe £S, 

£ 12fe. S ^S2| ^ A| 0)1 3CHI/H SE1E01 isfe, 1 ¥2HI2| Lfl&StgOII CHS SSfS UEUHfe £3. 

£ 13S, B ^S2| ^ Al Oil 50IIA) 2ci3 &&a| =JH|2| g§§ UEJ-LHB £3010. 
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g'gr.cy if a* 



M'gw ^<y/£f .7/^ s' mot si gsw* 

B STgg, ei£XII 232l£3*l 3! 3 SI £2 1 £011 2& 3°?, ^S|, DRAM(Dynamic Random Access 
Memory)S S>b BfEU fia|2l£SM0|| 3§81B SSS 3|ft(HI 3& 33 0ICK 

drams, a^ sam^aa 01^0)1 g^a ss^ssKoua. ^muiE-oss oi^wxib ousbiais. 
asa pis^oii MMai± i^og aHxi shew ?seo. aisifsi drams =?gzw 9\mMt=, oi oiisai 
m ^hh aiehsi §agif2i hsjespi- eesm. 

331 flff I>I£SAH. Ollg IB H^SIgDH g 6-244364011 2|8hS. 3iIIHA|E|2| ^Sfll^OII 

§ £B &1TS 0|g8fe gFBOl :HA|£|CM 91Q. <XD\M, E^21 Cf§§ 4I&IS0IIB. g*EUOHI 

oise ssstoii °jsh saoii mm^m saw, sasi en-ots a± gxHBitf aaoii ai§ 

^£IS 3^01 tf»3B 31 sia. 

£». WIS §0 &B*8l3Jfl S 11-267120)1 2|8ha, 2 = Cia§ ^£IE2| HE Oil 1 

ii sssnQ, mmsin mmmsi zas aasioi. ^maieis =?gsm sia. 01 argon sisr 
a. east &^°i saioii er^s^r ^eia a a oil 21a ^sa= aa^sy g^on 2isn § 

URESIS ES» 4* 21C1. 

ee. ai§ ^£is seoasi a£iB aswai as ssbssai. §m^8ig:>H s 4-223366011 °|5f 
a. sei^oi asraon 21 e ssoi pi^acH sta. 



256M die DRAM a!} CH§g &h£fll S^SSSXIOII CH8101. HD\ DRAMS ^IDIAIEH2| Sl^gTSS ITS 

ms feTAiis^i sgsisct. oieh& cns§r dramoii ah , ^dhais s§i ssib ^soiiah oioi ohsei 

m cJs S2| S^XI^EPI- STS01X4 HH AE &t §§0IIAH2| g xH £1 g OIIB §3 900"C0II 

AH SShS, egijX|^Ei2| «igOI g§18F2, S£ £S^2J SiojOl 8Cf. 3EHAH §§Sl§ 800*C0||AH IS 

a- bK 2cisr §§si §^£1(750^, ci^e) seron 01 ssisr2i ^jsm, 3\m 

AIEH2I §if 01 XHSroHWaa. £^Sr &&2| a§S10|| USSf S£fe 5!CH£ 700*C, blSSjS^lfe 750*C 

oi^oici. 01 a 011 sum, 2<ysi &gg a\^mm 2521 hiss ^psoiiah 6 assist, bi^ 
asoi 60° s smsmeh sai^isOiiAHfe a§si2i ^£ie usiarsi yg?i ^21 saioii sr^oiss, 

SSI SCHOII 2|& Sif Hg£S12| S31^1 ^£15 gal ^21 dSIOII 2|& gifHSIS &±H3CH W£| 

2, £cisi &^2i n^mmm ^msMi oi§^ 4= ajQh sbi^ siaci. 

£tr, qi§ ^£i&2i saoii ass is§^ ^y^ns is ^ 

011 ^£is a§ sa 011 as £§sioi . ^dhais as 2ig^s 2,^1 201 ssnaci. seh 
^□i mmm 8oo"cchi/h sa s^, a2i mg^oi ar^gm, gtfsi as °issoi sons gg^£s 
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^nHAiEf gtrsi xm?[ ttgai biao. 

e ^§2i =ss. oiaei 01 aii eh siei a=isissxi^ e^sfe hsoiiah aisg 4= an, s. §m 
e s^sss 5>b ^nnAia°i wis^i^g siss^qi sia. 

B if SOII AH £1 t!Sf! ^g§, E SAIIAH2I D\£ §i¥EeO||AH g^SHg 301 CI. 



g ^go| g^ A) Edgfon ojgj s^assxioilAlfe, ol¥S^a an *!£|gatj!1 3 SB Oil § 

S@ y^g^f *j£|g Ig£S SHI, 700 'C 0|S>2| XI S 0)1 AH §l¥2^i SSi UllShOl Sg§1 ^ 
£15 1312131 2£1£1 &ifBf2| 2 g ^5°| $?a«|Bt°S ff ^HHAIHB 30IC1. 

se. s grssi as ^AiEHgroii sie a^sissxioiiAHfe, si¥2^e ass ftiaaota n 
sb oil gse si^?a& *j£ig sm, ga^of isisioi ss& ^£ie ssiaiai stisi &!• 

ej2| 2g ?£2| SSfl|S|og & ^nHAiag Sfrfc 301 a. 

SEff. S BS2| as ^AlEHgfOII 2|& gfEfll SS2ISS jlOIIAHfe, SI^S^l £101 S3IS Cf2§ ^ 
BISONS SHI. 700-C 0131°) XISOIIAH 8h¥3^ SSi 33 398101 ^£15 8SWj» 2^ 

11 BBOfSI 2S ^521 saaiOf2S & 9IIIHAIEHS gffc 201 a. 

ie, b wssi as «iAiEnsfoa 21 e eiExii s^sissxiohah^, si^s^i eioi g:>hs ass g 

£|gS|og 5H1, g£1^0l SS18I0I ±j£|g SI St 0*21 24fS §»HS|2| 2§ ?£S| ^£U1I&12S & ^ 

nHAias ?>fe 201 a. 

(Bt82l RAISED) 



(6IAI0I 1) 

£ 3S. S £3 Oil 2|& ^DHAIEIS Sfc DRAM2I Oil 2 Bl til 5HIIHA|E|2| UEJUIfc EH0IC1. 

01 SlS&glS £ 4 ~ E 10S OISSIOI ?XH32£ flSffCI. 

sxisi ?}s°s iss on2£i«ii a*^ saxi^Eitfoii. msaoosm eigsta. a. aei eshxi^ei 
£f ?i]iHAi6i£j°i a:>is g^a ssife ass ^£is §aad06)s gs§a(E 4). 

3 ¥1011, et¥3HI 100nm g£2| §|2|*J£|esi(107)S CVD32S SI 3 812, ^2| ^HHAIQ 8t¥2^2!- » 
£|g2| ^£|= <yS1S[(108)S (EH 2) CHI S ^SIHS &a. §S1££ISei(107)2| S¥CHI. E||M£10II 

^AI^^(tetraethoxysilane) (TEOS)S S!S^ 811= CVDS2S #11 *S£|gSM 108)8 2/m SgofaO(E 
5). 

0| am ^£1531(108)21 §!S1*J £1531(107) 8 SMeHXI^ES D [A 3 g cyoiOIISOII °I5H I>|g81 
H, aSS ^£15 S£|3(106)2| 4 f ¥0ll 8l¥a^S2| is §SSh»a(E 6). 

2im HISS AI2JSBt(109)S 35nm SE6IIXI^MS 0|§& SJ|2| Ollxl^ ^|^0|| 2|6H 

01 HISH ^£I5B|(109)M 3t HISDia SEIffCKE 7). 

Aiissse »a ^. diss ^£15^(109)21 sschi ^s*i£ia ais& ^011 igsii ssm, y 

?§^f ^£15 SS(110)g ^SS&a(E 8). 

aSOII. Ol e.^S^ ^£I5 SS(110)0| 1S8 seoil CHSI-OI, OIIS IS 5>iE!(phosphine)S OlSSh 

01 2± m sssui, si^a^ ?i§ ^ssiaa. oigi ^xief u>£f s-oi, y?§s ss(no)2i 

^SAICHIfe Ol SSSS2I oj >s^J\ XHSholH, aSS ^£IS0| S5II0IIA) SSSfSfOI. §KE H8f& 

a. oi snia m§Pi 21 es§, ^£ie sss oiss raoiib s?^ss^a. 

01 6l¥2^2| SSCHI ^£15 §§f^(111)S SSSCI. S ^ AlOjlOIIAHfe, ill §£1201011 2|& S£|S 

oi last oissm sin, s is s&S2i s=m B£^^D^ gsfsxiM oigg.ua. sa^oh isi 
as, ^se ^si^^f ass ^£iE ssoiiah sxis sis asfsm, ^£15 gsieis ss 
sib a £ioii 2i3H8ii= aoia. s ^Aioii2i isixiab, 40o*c, n^m ioowchiah iszj tysisa. 

01 §3, CHBf 1.5nm2| ^£|S §sfa|(111)0l ^SEISia(£ 9). 

a§OII. CVDSOII 2|SD , HIS8 &gafS gSslSa. OIIS §0 450°C£| S£0IIA| siaoi|s 

Al(pentaethoxy) iSS 8101, 8nm£| dlS§ Qttsl &ga|§ SSolSia. SI ^8} 01, ii^eoilAH 

80010. 5S2I2I mxlS.\m SSKX, S # 2^Sf &»(112)0|! SS?M!^.a.(£ 10). 

l2fa&e|(113)g CV0S2S Sl^ohOI SS&a. 2, f ¥2Jllfe 8I¥S^^ SSfll^HS 
£lfe MS 0HUSF£^ d§!SHl, §I¥S^ SOU 3l2J8hfe HS fill g&SSfOI, £ 3°| 

a. cvoss. oiig &e M&aim&it) gfauon siss sife n&mm) cvo^oi sssha. 
£§.►, gsoii aj£f iHEia2£ Bi^-mm s^iais , ^¥a^2i utm s^Aiaa. £&, cvog°s 

SS& aSIEI&OII &#8fb g^S fll^S^I fl8H. a^gS ^011 §xH£ISAH 500TC S£2| xH£IS A| 

mm^ 2£ 3^sia. 

01 S£SIIII^£S Dli3S ohfe E£hO|0|ISO|| 2|SH DlgoiH. 0)l££l^¥ 0|2|2| I2IEI& 

S ^S2| sxioi g£f^of §slS2| ISi. £ 121 £ 2S OlSSKM ^S&a. £ 1011 AH, S^($S*4) 
S ^BHAia2| 1HISS gif. »^(^^)S 2^51 &g2| gSH£l S£0ia. £&, £ 2011 AH . g 

^S 10IMS ±r£&^J\ UW\ £lfe S&2S S2|& US, S^S £ 131 g&eh §«£l S£Oia. 
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§£H3|^2| g§! si CHI AH ±J£IS Hal&IS SSth S^, axH£| SE2| a$0ll (Il£l gifxlfe AHAH8I SCH 
8H 3HIB. §§§131 »»»fc 750'CS 33||£ §gg XHSIBCh OiaS. a£IS B»0fS| tf»E SAI 
Oil 7501C0IIAH aXH3HX|3| DHSOICI. 01 tHIOl^ 22|2| fiig, ^HHA|Q2| LHag3|0||fe S2I3I 
SI2CH, E 20)1 UBtS b!2l aoi 700^6) 2S0I §0|| 0J2}, 3381 LHaOl fe^SD. 3£)U. 01 0)1 
BtUmoUM g0|8|3ll ^Elb til 9} SOI, U|gJ°| fe'gg £!EA| ggx|21 XH8IS SUSIES . S aA| 
0)121- CHSif DRAMS aaSlfedl 1SS! gg]} LHgfS gAIOII ^Sf 4= giStd. 

S GAIOII Oil AH OI gB §21501 aa-gj2£ USB a£IS aSSIOMfe. §2H2| aaasfjM- d|2S| 
01 23H2I gfiB »§0| SACIS 501, aSX>M°l S£ §21 SSEiaa. SlUfe, S£I£0I il|9}2| LH 
MSS, g£H2J g^SfS}3t aa(S«)2301 2go|fc SE0IIAH bISSia. 100"C §E S4=8|C|fe 2! 

oia. se sms, h^eoii as samfe ±j£iss iss a^. ga^oi saws, scie 
v«ias3f ^cis aoici. oiass ^xii^es she 2oiiah agaci. 

£tf» B»B|0I 750-COIIAH IgligS, S2g2| 4f=0l agBCI. blgaOIIAHfe 25 SIS b|#2SS, 
SSslOIIAH 602£ §QI8I3, OI20II DlgSIOI bieg g§rxlS =315101. 25fF Oiaoi SD(£ 1). 01 
3S. S£l*0l SSIOHAH IS§! ^£IE BSWS. £av^ &g2) gg S SEOIIAHE 2SI3I 3|2| tftit 
81X1 8f°ES, 22SI &&^2| SSh a$8 3 CHS S3 XI 21 gtHSAH 01 g a 4= 2(31 DMSOIC1. SE 
B, §*)£! SE1 800"C£ SHE, SSfMte ailSIXI StXISt. 850"C ¥S0HAH gifOI AH AH 81 XH8IBCI. 

oi aae. aaswsi 2spi 7oo*c ssoiiah ai^sscii u\m. soorjixi g£i£oi asi^oi 2sisixi 
as as *gou ^aisis 3101a. 

as, mas, gen°i saaois oisa 3^21 bunsioi, gsfsoi- a as oisa a^s uiaoi isci 
fe ^soi sia. a ah 3i#a uia aoi. aaas oisa spoils, aaa xi2oi 2aa m xhses 

LH&0I feOISCI. 01 3! OB CH8I01. g£|*D| SsfS 0|gB S^fe, XI22I 2#3f a^lSIXI »0h£ Lflgf 

01 feci. 2.ttm &<m ?inHAiEi°i ¥^a#fe, &nn amm aejs s^oiiah s^a etges ^gj 
g ^SOI XldH^OIH. 01 »§s, cn§ ^EIS 2= HS Oil a£is asiet°i SxHOII CH& HH 

dlCHSES 2§a0l SIQ. £ 2°l SJlffe. M£l50h a^eiS 3 Xh<HOI ^SI8HI 3t0|E §S§! dH£l 
CUSS SlOfe aS UEHLH2 SlU, <^sl3| S^SHI SffeCfS bH£IOIS0| gife §SH°I 

2f blHShOl SOICf. 01 DM SOU, &^0| 1§S|£I3, E, ^£IS 1S|9|S ^S|8HI StU 

2i= §XHE| SE(750 - C0I|AH 800'C)OIIAH. CHgg°| ORAMS ^SSIfeCII §g§ ggfa LHgfS g§ 4= 2i 
2JD. E IS bieg- ggog UEILHSlXia, ^3^521 ^gDH@OII 2|B SSOIIAHfe, B?ia^S 

S 25fF//um 2 0lffl, 1V0HAH2I Sfg^^b 2x 10'Vcm 2 01 8H aSlf 4= ai2JC>. 0I31S. Oli ^£15 5! 

^ oil ah , e^si mmm ssxus ysa s^sissxis gajiej ^nHAiasAHfe, senon as gf 
s asot ¥3Hioioi. sen3i^2i gasioiiAHfe ^ea 4= sisie 20m. 

u^gAt Aj £ |g ggi g^SfXI Stfe S¥2| SifB 12fF/^i> 2 0|ffl, 1V0IIAH2) 1x 10 " 8 A/cm 2 

OI6iaO. 0I20II 2I6H &.^S4f a£IS 1§0II 2|& a2|gCH2| SUIb 2f 2bH£|3 S^SIS 

ci. &=?m& a£is i§§ s a si xi at s^ohs asi ess tssm 21x1 atxia, s ason 

2|gf XIS §S|a^ Igf 0IS»2SW gSl^sES 6! 21 &SJS 2j«|» 4= SiCH . ¥^2^2) XH^S 
EE a 4- HD, 

E£h, M£I50I asl^SI LM6isf«S, S£H2| g§SfQfaC| feXia. 281 2SI3I a^SIXI SfS£lfe 2J 
CI. OIIS SS, 800'CCHIAH E2§l Bit l§S|g 3?, a£IS a§|S|S 0.2nm 5f6iSI£IOI 2iCI. 0>£| 
AH, & aAlOIIOIIAH Sf«S B£I50I SsiefS, 5lg^!ESfe 2211 311 B 2 SOU 24;» S»8h 

b asisiEs aoi aife as essisici. 



(aAioii 2) 

aAioa ioiiAHfe, §£isoi asi°i sas a± sasoi 4oo-c, ioow iszies sisci. asxi §g, 
aae asief£i issai sssm, cigai as 221s ssici. oi^iAHb, sai^oi asisson ch 
sioi as&ci. 

e 11s, asiSEon as sgfsi aa sieszi v^s^xis uaa saoia. 700-c^eoiiah as 21 

Eg. ¥a2f?xl2| &3MI 2g8lfe Sgf* tt 4- SICI. 013*0)1 2|8H, aAlOH 10IIAH 3|#g| S£|£0| a 
al3l ?4=a gas. XI SOU AH a£IS SSiafg ISS 4= SiClfe PSOII 2|§| 3!0|£lb 3!S a 4= a 

ao. aa 2igs°j eoib, a£is asiei ?iia¥aoii smsib a 21 ^e^i xnsism sife 31s uei 

LHH 2iD. SEOIIAH |g& ^ffl)A|EH2| ¥^2#3| 2 gf 2IES2I eaSI^II §CHa2SM|, a 01 a&s| 
1°£ 4*332, Ha a feES X18IAIH2I SAIOU. ail^2l 2XI0II CMSt dH£IOISE XH8IAOIH 91 
CIH OloHa 4* 2JCI . S ; IHSOIIAH ^£!S?J asiii 3|fe§| g,^OI, ^JAIOjl 12} §§Jt! S3IM 3}XiS 

cm onaaci. 

n 2D ah , oi ^las biifos, am xhs asisf sah SO ii chsioi sssiaci. £icia a^sxi chiah 53 

£lfe 1SISS 0|g& ggaS. SSfll Sg^E3| OH^ E£I3, 30S 0|g2| HS/HI^ AI^S afiS 

siaxi a, a aioii 121 mmm sais *iaa 4= aiaci. £iss msh^diss oiga asiei gs&aon 

AHE §^ 51 3)1 AiaS §22 81 XI a. feS LM2Slg3l a^a 4= StStCI. a a Oil AH gejAH^on 

si §a 4= sife saa^a, Aiaa aAioii ion ah uEits s£i^oi aaoii agaxia. xisaa^i 3ig 
a aaoiEia. b assi sai^i acnxib 31s sfaa 4- aao. e hoiiah, ssisEfe 700 *c 01 

81, blfe^S|3||b 550 "C 0I8I0IQ. 01 £H S> SES?)0||AHfe gfSL|0|0|| °ia glSlfe 3|2| a§OI aO| 

uxi s2es simm ^ acib as a 4= sin, geHui^oiiAH xHsasis 3»a2£te s as 21 gai 
a as as a^i^sia. sa. ss cvoses sa^s saa s^oiie. agsE^ ch^= 700 -c 01 
aoi assioi, s ^g°i sn as as a^i^siaci. 

5S. XHS1I3I aXHa S2IS UEILMS aS. a 31 3|^(S«)CH|AHE SSfa axHg, CISS s 
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son ifets ejoi esaoi 2ib 3¥oio. ^aioii ioiiah di^s bK2j- itoi, s?g& ms.\e i§i 

01 git S^, 3 1 -fef Oil AH E^S (phosphine)g OlgS °]2| ^DPI B^ISSIDI, iS^og 30g Ilg 

£ 21m itssib &eh£ aoi 2ict. loa/H, et?sig ^£is lit oigs dram 5hhhaiei2| oiigs 
oil aioiAH, s a? soi oh^ ^s§idi= as st 4= siaa. 



(filAIOII 3) 

O80II. S2I50I §2>°t ¥JHI0II CHSIOI SSe! U&tsa. 

strife °J^a«0|| 2I3H aSSH. AIZi SfCf. 3£HAH, UtttSISOII CHS a|¥»ll2| S3! 

s gjAia^s sssioi sss aa?i £ 120m. e 12011 ah, §st^ ot¥M. 

B 800°C. 5g°| ^§IS 1SI $2| a^Jfl §;>|gOIO. 

Ssiet ^jii mm oiewiAHb, m^a^oi g^si isisct. 012011 °ish, snat ^chs mm, ui 

ttsjol^lfe 1.5nmM |2i elClfe 2S it 4- IB, ^II XI U xl 711 ¥2311 SIS 9HIIHAIEI 

gijoi hsisihs, ^ssn= ggfxis :nas s^oii Qi^m &soi gwsife stat 12s sjd. 

as, Sg^OII CHoHAHfe, $Ii 01 21 Oil. StEUOl S £!£□!. 4= £3 31 ii S£I*OI01I CH3I0I 2£ 
8l2tCt. 9tAH ?|£S b|2l »OI. UlSa^e SSsfb 3>|3 gaS I2S SggEOIQI, 550*C 0ISI2I 
SEOIIAH dliBSFfc S S2|»te M 4= SiSiQ. 



(tiAIOII 4) 

ClgOII, 2SS @i e|et2| SxH£| g&!2| 3£§3lfi UEtyia. 

*JA|0f| 1011 AH i. (i g 800'C, 5§2| Oil S UEH-H2tXiet, E 1 S! E 2011 UEIUfe b|2l BOI. gif&J 
E. Ulgt g CHS 20|£|E, geH^I^JI OIIQSI-OI S &S°I gt&|g g4=S 3t§ 2112. SSIfe 

SxH£l gEOfl 2I5IXI SffeCh 481 , 4!£IA|0|E S §01^011 CDS fi^l SCI g^S 3|£j»2| g§ 
g. B itg2| a|B» fe'AISEH2| SlUOia. 0II> §S HSABis SUgES 650'C£ it S¥, e 31* 
Oil 2ISIS HIMS SB 23fF, Lflgt IV OI£tg 301 ;>|g8ICh SifOI HgxH£|2| g?aa 5g 2| 

oixife 5ioi sraei spoilt, si^s^ ?ssi isois gasssw aiscm. isb ig§ st£it 
neoi flo. 

^XH£| S^OIfe, ^ Al Oil 1011 AH OlgSISXIS. s|*j<i^U Eg, Ol&hSI §^2| CIS & 
21^ 3I^£IE g tgg £AIB 4= 2ICI. E, SdlSOl ^iXHdlU <^4: dIPg XH£I£I i k S S^£l 
E, S ^S°l ^£15 21 St at IH&SIS tt^tOlU HM3»fe ^S8IDI . tfAl ?|g8ID. 



(^AIOII 5) 

agon, 2tfs e^2i 2^21 ^(«)s oigsi^ ^aioii 121 ggsioii aioio) sss in jhais 
a. 

2 #51 SS2| ajd^og^ L#(«)0|£| M£lb §^?|2| ^51 9isa. 3£HU, B StS 

0IIAH2I OH^ §fS etOIIAHfe. 01 S4^3IS S§stA||J 4^ a^=J)|p^ EIH8IXI SEES, B^P|2| 
CHSSS i>b ^gt§(^^ a s H )2| 6 4tOI &CH3EE 2il6H5!CI. 6 6K«)g. bl^SSS 60 §E£ ^ 
D. ES. SEDI 3X1 OIILHXPI fia£ 0.5eV §E kg ¥1x1011 21EEE, S^(OI|g CIS§ 
^'£IS0IU §5tEIS)0||AH SXI2) ^&J0I SOIU^I 0)£jg §§^50|DI. 01 2:H2! ^gg, Bh£«l 9^! 
9 £9 XI OH 2101 OH^ S£IS 30101. SSS S^ES CHgif2| ^BHAIEIS 4- 21H, CH^U ¥ 

^S^S stJIlIt 4- SICIfe 0|g§ ^SoH^ 4- 21CI. 

E 13S. 750'COIIAH 2§S|A|?J E^sl §t bl#aS2| V^ISSM UEtfcH 2J0IQ. 6 ^g 2t§S|AOI 
D\ 9IS g^ixl at ¥ Wife S^tSIXI St XI Eh 20nmO||AHfe etS8K« U^SSS UEIU2 2lfe 2JS 8t 4= 
2iCI. ES. ¥^Sf? SEOII CH6HAHE, g^lxl oWWfc SSf8l5! StXIS, e}¥«PI it^ftOII H£l V 
^Efe- it4i8H miQ, 20nmO||A|fe fe'g^ SUP! gib MfiS S§92tCt. Olfll^EI, 6 9 EtfS 
et5| 2SSi, H(f£)¥^a#2| s SS gg^og OlSS^CHfe , at¥WI 20nm 0I8IS 81b 3301 g 
ESICIfe 31S m 4= 2121CI. 

ES, 01 6 ESS! S^g DRAM2I 91 UK A| E| (HI ajStt 3^011. g§SI2| SAIOII BII0I±2| 4'£IS 

SStatOI SSI8V0I *(Jf)etS|8|XI StE^, LH^SISg gt^AIS ¥b 201 §21! 3§. ^AlOjl 1 01! Al 
3IS5ISO. CH^OI. 6 9 26tSI 3 3#SS3I XH(HS)VSSW2| Olgg ltg8IOi, 231231 

ES4XI^EH2| 3||0|g S a at (XI 3gSJ 4= 21 CI. ES, SBHtI (HIE£|2| gastOIIE 5jg 3|g8| 

Q. 012 ^0|g L 4t2| E^SI SgOIIAHb 4=g. ^3^21 gfSOIIAH ggSIXI StXIS, &tatSI8IOI 6 
g 2}g5IAIS2EW, gg^!2£ §SS Ssi Sfe 201 3|g6HSCI. 



0IAHSI5H2 §SS §S§ii LIEIUIfe ?IDHAIEia ?Stt 4= 21201, CHSS SEfll S32IS§Xl. 4 
81 DRAMS SI gfi 4= 9XQ . 



(57) %9I 
1 
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si^a^i, tfeis a a an 2&a mm^o\ *>m& saa^a. 2 s ? oi^ouite si^xi 

s eiEMi a^a^sxisi hisbschi sich/h . 

aaie ass saoii gfte ai§ ^ai?2g oi^oixite 6f?2^§ s&site hh g§i, 

sbi^oi aasoii °joh si^a^ seoii a£is saws ggsjte hi 2 3 gat. 

^£IE 32}QtdM)B bt39 2tf» fgg8 g £| « H»2. §§a 24»» &^^S 

S£i6lte HI3 SSI. 

4>oi asa esat^on #¥a^s ggsite flu s§§ i>t as- site ysfli saiassa 

2| »I£»B. 
2 

HI moil 2ACHAH, 

HI 2 SSS. Mei^QI ^J¥fa gfESPie gxl¥§0| g^2£ SdlEIOI ?bl£10l Site Sxl 

on ah asHxin. 5. aae*§oi m&*o\ v&^&mM seafe in ^§i°s gsmite 21 

^S°£ Site &1EHI aaifflSSXiei 
3 

HI 1&0II 21CHAH. 

4.01 HI 2 ggOII/H, a£IS §S|a|§ 3 af^WPI 1nm OI&OI E|£» ggsite 31s ^S2£ Site g[2 

ai a^asswai aissa. 

4 

HI 3&0II 21 01 AH, 

HI2 Oil AH, ft! SIS Msi^m 3 af¥WPf 1.5nm Ol&tOI £12^ ggSlte 31 S ?§°S Site & 
EHI a3aS§X|2| HI£g, h B. 

5 

hi moii aid ah, 

HI 2 SSOIIAH, a&EIE»s|2£ SSSIte 21 ^§2£ Site S12HI aajfflS&M 

21 Hisaa. 
m=?& 6 

HI 51J0II 2JOIAH. 

4f?l aSEI&afSI *10IE i?i aa}3|4f SSS2S g^Slte 318 ^§2£ Site 2*2*11 S^aSS 

s^s 7 

si¥a^3h aae aasoi 2a-a &e^oi ^sa saxnatj*. y?a^2£ oi^oixite str^xis 
s>te biehi a^assxiai Hi^aaoii sioun, 

e}?sa- asjs in on s>te cisi aaie2£ oi^oixite si^a^s sssite hh s§i, 

#31 CI2§ ^dlSs 700'C OISIOIIAH S|a a»S2£AM. 5l¥a^ HQ OH adlg aasjit IS 

Site HI2 SSI, 

asis aaei&oii biaa 2<ya §»aam gas mxmm ssm isa 2#a saws 

SSSIte HI3 

feoi §§a BBstaoy m §ssite hw gas 3>te 31s ^sss site e>E»i a^assxi 
iy 3 hi^&b. 

g?s 8 

HI 7800 210UH. 

40| HI2 SSi 550"C OISIOIIAH SSIte 31 § ^§25 Site £12 HI 33a£§Xl£l J8I£»B. 

S?g 9 

HI 7S0II SI 01 AH. 

401 HI2 SSOIIAHSJ 4^1 5|§iKfe, £|C|§ ^^SxlOIIAH SSSIte gf§§2g SSHIIte 3111 

^§2£ site HtEHi aaasaxisi hisss. 

10 

HI 7»0B 21 01 AH. 

gj\ Hi2 ssoiiah, aaie aaafs 3 qi^wpi mm oi&oi £i£^ gasite 3is ?§2§ site bie 
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HI S2!fiJSSx|2J ai2S*B. 
11 

HI 10S0II SiOIAH, 

HI2 SSOUM, ^£IE m§i^w 3 e^JHPI 1.5nm 0I&0I £|£^ ISSHs 31s ^§°5 311= Bi 

ehi a=isiss»2i ms^a. 

S^S 12 

HI 7S0H SICHAH. 

«3I HI 2 3S0DAI. &3I 4f¥S^i a»EIBQt2£ g^slfe 31 B agog 81 filEfll a^SISSXI 
2| ligg. 

13 

hi i2»oii sichah, 

&3I SS1E|&e|2| 30IE Bl¥l ®*iD\& S§g°£ ggSlte 311 ?S2S 81fe SESI 

»2i nsgtg. 

14 

si¥2^2f, aeis §aoi2f zam mm^o\ ^gs saaieta, 4}?a^°£ oipcnxife g§r±xis 
5>fe behi aaiassxia ms»aofl 9io\M, 

2J0I SIHS Cjgg M£IS2£ OI^CHAIfe 8l¥S^?g §£J8|fe HI1 g§2l, 

sei^oi asisoii 2ioH 4^1 8i¥a^ aeon aais astute ggsffe hi 2 isa, 

4^1 sswgoii ui§a 2<ysi &i?Bis age* mx^^\m msin ssa s^a &»sis 

SSSIfe HI3 §§31. 

a 3 a mmmtm &¥&^m mgsi\= hw ss« &b sis ?§°£ 8ii= biehi s^sssxi 
si Hingis. 

S^S 15 

HI 14S0H 21 01 AH, 

4tJ\ HI2 g§g, S£1^0| ta¥Mi eiEHPieh ^xl¥M0| ^£|£|CH ^HIEIOI Slfe §xl 

chi ah a stum, se. aaemoi m\ sai^oi ^^s^moiiah gsgfe mm gsHxife 31s 

sife be 3a a=iass«2i rasas. 

16 

HI 148011 21CH AH , 

4^1 HI2 SS0IIAH, 4'£lg SSI&fe 3 Bfi=JHP1 Iran 0|&0| E|E^ gggfi= 3J§ s§og y E 
HI S3SISgxl2| HISSIS. 

S^S 17 

HI 16H0H 2iCHAH, 

HI2 SS01IAH, a£IS S^BtS 3 ejJpJHPI- 1.5nm 014101 £IE^ gSolfe 31 S f§2S 8|fe £ 
EHI S^SlS§x|2| HI5&S. 

18 

HI 14S0II SiCHAH, 

HI2 g§0||AH, &U| &¥S^§ aSI EI&aiES SSSIb 31 § sgog § fe gsju^g 
x|2| HlSgfg. 

S?g1 19 

HI 18S0II 21 CM AH, 

#3 1 §S1Eiea|2| 30HE g?I §}2iD\& S^SIfe 31 S sgog 3H == &EHI S»SI£§ 

»2| His^a. 

20 

81¥S^31, adIS 2£+S1 &g910l 3g@ # SHI a* 3)1. ^¥S^2S OI^CHXIfe Si^IHS 

BE HI a^a^SXISI HI£g1S0ll 21CHAH, 

eioi §?is! oi§ aasss oi^oixife §i¥£!^s lasffe «n ssm, 

4 ( 3i ai§ ^eise 700 'c oisioiiah sis ss^mi, 401 si¥S^ fie oil a£is aa^s is 

81 HI2 g§j21, 



15-7 



SJH « 61*12002-0032285 



&j\ ^eie a sat goo msa s^s &gat§ ssa- ^. gx-iag ssn> ggsi &^qim 

g£!8lb HI3 s§a, 

4,01 i§s &g^£foii ^¥a^e tsaib Ai4 ess ?>b as sib sfEai a^ussxi 

S?ff 21 

HI 20S0II 2-1 (X AH. 

HI 2 S§s 550t; OlSfOIIAH gSIb aS s§°g 81b ShExll S^US§xl°| HI£^S. 
22 

HI 201f0ll 910\M, 

#31 HI 2 gSOIIAH #21 *!§ illlb, 14: £1C|§ g>^gx|0||AH g^Sb B J§§2£ lieHXIb aS ^ 

§°§ sib eisai s^sissxisj raises. 

23 

XII 20S0II 2! 01 AH, 

#21 HI2 SgOIIAH, a£IS asl^S □ ^M?\ 1™ 0|#0| 9£s g^SIb 51 ^§2? 31 b &h£ 
HI g5!SI^&x|S| Hl££}g. 

S=?» 24 

HI 231} Oil &0UH, 

#:>i Ai2 ssohah, M&m mm^m n ^^m?i 1.5™ oi&oi gs^ sssib as sib y 

S3SI£§x|2| HI2^S. 
25 

HI 201} Oil 2iOUH, 

#31 HI2 gSOIIAI, 40| fe^S^i §|S EI&^HS IS 81b ag ^§2£ 81b S3SISS 

xi°i Hi£&s. 
26 

HI 2511 Oil SICHAi, 

#31 aSIE|&S}2| 30l£ i?i S1§}:)|# S§3°£ i!£!a(b 51S 81b e*£«| 

xl°| HI£&S. 

27 

^£is s§§ seoii ai§ aaiss si^a^ss sis, isi^aies 

Sib HI1 SSHI21. e&S ?SS2S Sfb HI 2 ??£!*II212| Jj§?5§ §>b $?SH|stS 5>b 

gif^xis susib ysa s^assxion siouh. hm sehpi seisoi msi^i2! as 
£ sib eisni S32ISSXI. 

S^S 28 

HI 27U0II 2J0UH, 

#?l HI1 SSHI2I Qi^JXW 1nm 0I#2J aS §§°5 Sib 2IEHI S^SJSSxI. 
29 

HI 28H0II 2A0UH, 

#31 HI1 ^Sxllb 9t¥WPI 1.5nm 0l#°i 31 ?§2S Sib SJSJSISSxI. 
30 

Hi 27lroii aioiA), 

#51 HI2 g§21£|0) SO. ZI §§01 ^S^TjJDSJ s§ fgog §>j= ei£fl| S33J£ 

Sxl. 

31 

HI 27H0II 2101AH, 

#:>i Hi2 zmnm issisioi 20. n sssoi 50 oi#2J as ^§°s sib ysm s^sissxi. 

32 

HI 27U0II SiOIAH, 

#31 Sif^Ilb. #31 S Si XII g AfOIOII ¥2 CHifSfb #¥2^01 §S1Eie°£ SSEICH £(b aS 
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33 

«v?S4 aais i§i asoii is§ ai§ ^aisg of^a^ss sm. aais asi^s 

M 8H= XII1 ^SaiSI, 2^s1 &&e|8 81 XII2 £?afll2J2| 5|g95I l?23|am 

g^il}g 3>fe e>Efll S3sl£gxlO|| SICH-M, 

431 Sif^»2) §2§if0l 25fF//fln 2 0I42J 21 M i§2S Sffe ^Efll 33*1^4x1. 

34 

HI 33S0II SICH AH . 

431 hi i ssaisi °t¥i3i mm oi^ej as ^§°s sib yssi s^sissxi. 

35 

HI 34&0II 2iCHA1. 

431 hm #a«i2i et¥fli3> 1.5™ 01421 3§ ^§°s mfe s^sissxi. 

36 

SI 33S0II &0U-), 

431 m 2 ^sapf iisiaoi sin. a ggoi ^g(*33H)2i si^ ei£*ii s^as 

37 

HI 33§fOII SI 01 M. 

431 H12 ^sxipi^ igsjsioi sin, u ^asoi 50 0142J as ?§°s stb e^sai s*isi£Sxi. 

38 

HI 3311011 Si 01 M, 

431 ggf±I^. 431 ^SfllQfS AIOI0II ^2 CHifSFfe 4¥S^0I 1SIEI&°S S4£|0I Slfer 3SS 
Sffe gv£fl| S^alSSxI. 

S=?» 39 

21m §3i& an ^£ism 8i¥a^°s sm, ^aig aasm sife ah ??a*ii£i, £^ 

a &metm sfe H12 #2x112121 ajs^ss g>fe ^axiisjg §>fe s§,^»s ysxn 

S*!S1£Sxl01l SICHAH, 431 ^dlS ISefOI SSI^Ot §112-12! 5JS ^§2S Slfe ffiEfl S^US 
SXI. 

S^S 40 

ejs §i3i& ass azi&w si¥s^o£ so, ^ais asiets ?sg°s 8i^ hm ^axusi, 2a- 
m &m^im ?sg°i 8ife ni2 #2x112121 ^§?£i #axn» s>fe g^zii ysxii 

s^assxioii sioiah, 431 gn^iisi sagnoi i2fF/^ 2 0142! s§ ^§°s sife ysxn s^sj 

SSxl . 
S^S 41 

0)| 2£ |^ £EHg eaxi^Em OI20II 5|§S S^S §B^5|§ MifillS Olie£l*yg ^480, 43| 
Sfi^I SifiJPI, 4&0II :«?¥i C11S ^£ieR3f II SSOII §49 e!?14l 

^dlE 1§2? Ol^POIXIfe 8h¥a^a. 40| 8f¥a^£| HSOtl ssa i§ isa,^, 401 g§ 1 
AhOI Oil ¥3 4^1 6f¥a^0ll CHITS^ g^S 4¥S^S ^bl8lffl, 4^1 0II2£I^ MS! 
II^EISI 4^011 UHxie DRAMS ?>fe SfSHI S2)SJ£§x|2| HIS^g°£A|. 

4^1 ffllSEI^ a§!§ MSiXI^EH S4 ^0|| l^sfg 9^812, 3 ^SetSI ^H^ofOI If § 

SSIfe HI1 S§j2f, 

40| m°l LH¥0|| bl§§ ^£ISetS ISStb XII 2 gil, 

43 1 b|§§ ^£ISSf°| SS0II Si^?S4 ^£l^ lil g^Sffe XII3 Sii. 

4^1 y?§4 ^eis §§21 seal 21m sasife xii4 na, 

401 01 s Egi& e.^g4 &'£is Has g£^^D^ gsisfi}, asj^eigg ?ggog ^ 
axflets ssstfe xii5 §§a, 

431 ^a«|S| 5 &1 Oil ti\mU 2i!s| e&afS S43^ Xj|6 SS2f, 

431 b|§a 26ISI &§fetg 700 1; 01421 ^Sf4 S?I3I0IIAH !§sUI3|fe XII 7 

431 2<ySf E»gaf2| 4 ¥011 431 §§ 0HD8I£^ §S1EieS SJ^JS^ XII8 g§§ 3§f8ffe 51 m 
§2§ 8lfe B»£S| 2 5<aS§X|2J HlS^g. 
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42 

HI S3 til tf^g 01 2011 3^9 Sfi^Sjg §§i»S OII2£|*ig ^SSUl, 

g» ^5<g gg^iPK &90II 3H?¥» Shfe S!gg2| Cli§ ^Elgata 3 fig oil ISi! eh¥§9 
^£1^ 1§25 Ol^OIIIfe 8J¥2^2f, 921 8|¥S^2| fieOfl ggg g§f l^efjU, §i § 
aetS M0I0U ¥2 fe^l 8I¥S^0|I CHifSfOI IS@ &¥S^S ^blofOl, £D\ OUSBItf <!d§!g §S 
XI±E|°| g»0|| dHxIE! DRAMg i>fe eh23l S3SISSXI2I SISgfBSSAI, 

£M 0)1 2 £1*=' £§!g Maxima *0|| ISSfi SI^W, 3 §as|2| g?§ ^H^PSFOl §§ g 

ssh= 311 g§a, 

g LH¥0|| bl§§ ^aisefS ggSffe Xfl2 gSSh, 
93I dl§S *J£ISe|£l seoil eh?9& ^£IE SSS g£!8H= 313 
931 eh?g# 4!£I5 2§2) fiaoil 2JS 22)6lfe 314 ggUh 

as 2 a eh i?§y ^£ie ^§si ssi 700 °c oisjs a a- §13, iaaasa 

S Sffe $?S3l^g §S8ffe 315 

feOI ^afliaf HS Oil dlgl 2<^a g»gW8 gSSIfe 316 3S2I. 

4^1 til SB 2aa e^eiS 700*C 0I#2| 6h»g «9I3I£ 2§aAI3lte 317 

931 2^5} &gaf2| 9¥0|| 931 §§ DHllStE* 11}&I&§ Sl^sfe 318 SSI H98hfe 21* ^ 
S°£ 51 Bh23l S^SISSXISI 3I£9S. 

S?S 43 

31 429011 Si CM AH, 

931 317 ii§ 550'C 0|8I£ SSIfe 31 I§°£ 811= 21231 S3aS§Xl°l 3IS»H. 
8^9 44 

31 41 9 mil 31 439 g CH2 9 90II SJ01AI, 

931 ??saist2i a^wis mm 0192s sife as f§°£ sife eh 2 31 aaiassasi 3129s. 

S?9 45 

31 449011 SI Of A), 

931 ^S3iet2| at*** 1.5nm 0I92S 81 51 «§2S 8ffe eh23l a*!a£§x|2| »|SgfB. 
§¥9 46 

QMS ^£ISe, v ^ 3 HE (HI eh¥S9 I§°S 0l¥0Ulfe 8h¥SR:Dh. 93| 8I¥2^ 

si seoii iss ggfiaataf, 931 ggaa^g aioioii ¥3 931 8i¥2^on oisfsfoi isa 9¥ 

2^g ¥blth Sif^XIS Shfe eh 2 31 S3SIS&XI2I 3I£9S2£AH, 
am SgSIb Q§§ a £1 Sets 9981-fc 311 S§3t, 

931 a§I ^£IE°I SffI g£l*OI iaSI3, §ia^£ISS ?SM25 Sffe SS3|S|g 99815= 
312 ggjlh 

931 SS»R fiSOII dlg§ ZUSt &&afS S^Sffe 313 SSHh 

feOI bl§g 2i!SI &^e}S 700X) OiaSI «9l3l0HAi SXI£I8^ 314 S§§ £98^ 51 ^ 

S2I 81 g|23l SSjSISSxISI UliSS. 

47 

Cllg ^£1^0121 3 Ha Oil %g& ^£IS 1§2£ 0l¥0IX|fe 8I¥2^^, 9^1 8f¥S^ 

£1 HaOII gg Sas|2f, &OI gif I^ati AIOIOII ¥3 8f¥S^0ll CH»8KM SSB ^ 

¥a^s ^bia- m^±nz a}23i a^asgxisi 3issa2£/H, 
as H98ife as§ ^£issie tigsife 311 

feoi ai§ ^£iS2i sag 7oo-c oisis 5!g §§m3, gsy^aiss sasiofg 

ggSffer 312 S3J». 

feOI SS3iaf He Oil bl§§ Bgetg S^SIfe J3I3 

feO| bl§§ 2 61 SI- &§fS|g 700 °C Oiasi M?|5IS SJf£lolfe 314 g§g H98fb 3S a§ 

2? Sffe 2 31 S2ISISSXI2I 3I5S9. 

48 

31 479011 SiCHAI, 

401 312 S§§ 550 'C OI8I0IIAI ^8hb 2g f§2£ 8lfe eh 2 31 S3SI£§£I2| 3I59S. 
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